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Physica B/ Elsevier Vienna, Austria, June [26] [27] [28] [29] [30] 2005 Tobin/LLNL Introduction The valence electronic structure and electron spectra of Cerium remain a subject of uncertainty and controversy. Perhaps the best and most direct method of ascertaining the valence electronic structure is the application of electron spectroscopies [1-17], e.g. photoelectron spectroscopy for the occupied states [1-10, 12-14] and x-ray absorption [2] and Bremstrahlung Isochromat Spectroscopy (inverse photoelectron spectroscopy) [3, 11, 13] for the unoccupied states. Much of the controversy revolves around the interpretation of the Ce photoemission structure in terms of a modified Anderson Impurity Model [15, 16] . Here, in this correlated and multi-electronic picture, semi-isolated 4f states (at a nominal binding energy of 1 eV) are in contact with the bath of spd valence electrons, generating spectral features at the Fermi Level and at a binding energy corresponding to the depth of the bath electron well, about 2 eV below the Fermi Level in the case of Ce. This controversy has spilled over into issues such as the volume collapse associated with the alpha to gamma phase transition [17] [18] [19] and the electronic structure of Ce compounds [20] [21] [22] [23] . (A more generalized schematic illustrating the competition between the bandwidth (W) and correlation strength (U) is shown in Figure 1 .) Considering the remaining uncertainty associated with the spectral features and valence electronic structure of Ce, it seemed plausible that the situation would benefit from the application of a spectroscopy with increased resolution and probing power. To this end, we have applied circularly polarized soft x-rays and true spin detection, in a modified form of the photoelectron spectroscopy experiment, to the enigmatic Ce system. The result of this is that we have observed the first evidence of the Fano Effect in the valence electronic features of non-magnetic Cerium ultra-thin films. The Fano Effect is the observation of spin specific photoelectron emission from the valence bands of a non-magnetic material due to excitation with circularly polarized light. First predicted in 1969 by Fano [25] , the effect was experimentally confirmed by measuring the polarization of alkali vapor beams using detection of ions [26] [27] [28] and photoelectron emission [29] shortly thereafter. Subsequently, the effect was observed in the spin resolved photoemission of non-alkali systems, including the heavy atoms such as Th [30] , Hg [31] , and Xe/Pd (111) [32] . A variation of the Fano effect, in the core level photoemission of non-magnetic materials, has also been measured using both circular dichroism [33] and linear dichroism [34, 35] . Our data for Au is shown in Figure 2 . 
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II. Experimental and Preliminary Results
A new compact angle resolving spin spectrometer for conducting double polarization experiments has recently been developed at the Advanced Light Source. This spectrometer combines a large (11 inch) diameter fixed hemispherical analyzer with a novel rotatable input lens system allowing data with +-1 degree angular resolution to be acquired for any combination of incident and emission angles, including normal incidence / normal emission (Figures 3 &  4) . The analyzer is equipped with both multichannel detection for high resolution (50meV) spin integrated spectroscopies, such as XPS and magnetic linear or circular dichroism, and a Mott detector capable of resolving the photoelectron spin polarization simultaneously along the two perpendicular axes of the rotational plane. Rapid switching between spin integrated and spin resolved modes is achieved by focusing the photoelectrons through a small hole in the detector of the hemispherical analyzer and into a compact mini-Mott detector situated immediately behind the channelplates. Preliminary Results for Ce Figure 5 Spin resolved spectra of polycrystalline films of Ce deposited upon W(110). The photon energy was 127 eV.
Using circularly polarized x-rays and true spin detection via a MiniMott Detector, evidence of strong spin specific effects have been observed in the valence bands of ultrathin films of nonmagnetic Ce. (Fig 5) There is both a large static spin polarization across the entire valence band and a smaller oscillation in the vicinity of the lower Hubbard Band, near binding energies of 1 -3 eV. The lower Hubbard band may have been broadened by stresses inside the Ce film. These preliminary measurements need to be repeated and extended to other photon energies.
Future Plans
Using these manifestations of the Fano Effect, the nature of the Ce and Pu valence electronic structure will be probed, including the possibility of Kondo shielding in the peak at the Fermi energy.
